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The present paper deals with Bianchi type IX cosmological model with magnetized anisotropic dark energy by using Barber’s self-
creation theory. The energy momentum tensor consists of anisotropic fluid with EoS parameter 𝜔 and a uniform magnetic field
of energy density 𝜌
𝐵
. In order to obtain the exact solution we have assumed that dark energy components and the components of
magnetic field interact minimally and obey the law of conservation of energymomentum tensors.We have also used the special law
of variation for the mean generalized Hubble parameter and power law relation between scalar field and scale factor. Some physical
and kinematical properties of the models have been discussed.
1. Introduction
In an attempt to produce continuous creation theories, in
1982, Barber [1] has proposed two self-creation theories
modifying the Brans and Dicke [2] and Brans [3] theory
of gravitation and Einstein theory of general relativity. In
1987 Brans has pointed out that the first theory of Bar-
ber is not satisfactory because of violation of equivalence
principle. According to Brans, Barber’s first theory is not
in disagreement with experimental observations and is also
not consistent in general. His second self-creation theory is
a modification of Einstein’s general theory of gravitation to
variable G-theory which predicts local effect and is within
the observational limit. In his postulate, the gravitational
coupling of the Einstein field equations is allowed to be a
variable scalar on the space time so that this scalar couples
to the trace of energy momentum tensors. Hence the field
equations in Barber’s second self-creation theory are
(i) 𝑅𝑖𝑗 =
1
2
𝑔
𝑖𝑗
𝑅 = −
8𝜋
𝜑
𝑇
𝑖𝑗
,
(ii) ◻𝜑 = 8
3
𝜋𝜆𝑇.
(1)
Pimental [4], Sing and Deo [5], Soleng [6, 7], Reddy [8, 9],
Maharaj and Beesham [10], Venkateswaru and Reddy [11, 12],
Shanti and Rao [13], Mohanti and Pradhan [14], and Pawar
et al. [15, 16] are some of the authors who have investigated
the various aspects of Barber’s second self-creation theory
by using various cosmological models. As we are unknown
about the dark energy but it is necessary to explain. The
recent observations from high red shift type Ia supernovae
indicate the accelerated expansion of the universe which is
confirmed by the combinations of the results from the large
scale distribution of galaxies and the remarkable data on
cosmic microwave background (CMB). According to Riess et
al. [17, 18], Permutter et al. [19–21], and Spergel et al. [22, 23],
all these observational results strongly imply the existence
of extra components with negative pressure. Thus all these
observational results are supporting the fact that universe
is accelerating. According to Caldwell et al. [24, 25], these
observational findings also suggest that there should be a
transition of the universe from the earlier deceleration phase
to the recent accelerating phase. Even though at present,
recent observations supported that the universe is accelerat-
ing, but according to physicists there is no guarantee that it
will do so forever. Moreover, some of the physicists come to
the decision that the present acceleration of the universe may
be followed by deceleration, even though universe may have
oscillatorymode of expansion. In order to explain the cosmic
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acceleration of the universe, the cosmologists have proposed
many candidates. The cosmological constant is one of the
most obvious theoretical candidates for dark energy despite
having two limitations, namely, fine tuning and cosmic
coincidence problems Cohen et al. [26], Copeland et al [27]
and Deo et al [28]. In addition to the cosmological constant,
an alternative proposal for dark energy is dynamical dark
energy scenario. The quintessence, phantom field, Caldwell
[24], Ratra and Peebles [29], quintom Elizalde et al. [30],
Chaplygin gas models Kamenshchik et al. [31], tachyon field
Padmanabhan [32], holographic, Setare [33] are some of
the examples of dark energy models. Recently, Pawar et
al. [34, 35] studied Kantowski-Sachs cosmological models
with constant EoS parameter in Barber’s second self-creation
theory and dark energy models in Brans-Dicke theory of
gravitation.
An anisotropic cosmological model plays an important
role in the large scale behavior of the universe. Many
researchers working on cosmology by using relativistic cos-
mological models have not given proper reasons to believe
in a regular expansion for the description of the early stages
of the universe. Anisotropies in the CMB are related to
small perturbation, superimposed on the perfectly smooth
background, which are believed to seed formation of galaxies
and large scale structure in the universe. There are some
experimental data of CMR and theoretical arguments which
support the existence of anisotropic universe (Chimento [36],
Misner [37], Land and Maqueijo [38], Demianski [39], and
Pawar et al. [40, 41]).
In the present paper we have used magnetic anisotropic
Bianchi type IX space time. Many researchers are using
Bianchi type IX space time because this space time model
allows not only expansion but also rotation and shear. Bali
and Dave [42] have investigated this model in general theory
of relativity. Tyagi and Sharma [43] have used this model
for perfect fluid distribution in general relativity. Rao and
Sanyasiraju [44, 45] have studied Bianchi types VIII and IX
models in zeromass scalar fields and self-creation cosmology.
Pawar and Dagwal [46] investigated Bianchi type IX two
fluids cosmological models in general relativity. Most of the
models have been studied by considering perfect fluid but it
is not sufficient to describe the dynamics of an accelerating
universe. This motivates the researchers to consider the
models of the universe filled with DE and magnetic field.
In the present paper we have investigated Bianchi type
IX magnetized anisotropic space time Barber’s second self-
creation theory. We have obtained the exact solution of the
field equations. The physical and geometrical properties of
the models are discussed.
2. Metric and Field Equations
We consider Bianchi type IX metric in the form
𝑑𝑠
2
= −𝑑𝑡
2
+ 𝑎
2
(𝑡) 𝑑𝑥
2
+ 𝑏
2
(𝑡) 𝑑𝑦
2
+ (𝑏
2sin2𝑦 + 𝑎2cos2𝑦) 𝑑𝑧2 − 2𝑎2 cos𝑦𝑑𝑥𝑑𝑧,
(2)
where 𝑎 and 𝑏 are the functions of cosmic time 𝑡.
The field equations in Baber’s second self-creation theory
are
𝐺
𝑖𝑗
= 𝑅
𝑖𝑗
−
1
2
𝑔
𝑖𝑗
𝑅 =
−8𝜋
𝜑
𝑇
𝑖𝑗
, (3)
◻𝜑 = 𝜑
,𝑘
;𝑘
=
8
3
𝜋𝜆𝑇, (4)
where 𝜆 is coupling constant and 𝜑 is Barber’s scalar.
We consider the energy momentum tensor for the mag-
netized anisotropic DE fluid
𝑇
𝑗
𝑖
= dia [𝑇1
1
, 𝑇
2
2
, 𝑇
3
3
, 𝑇
4
4
]
= dia [−𝑝
𝑥
+ 𝜌
𝐵
, −𝑝
𝑦
− 𝜌
𝐵
, 𝑝
𝑧
− 𝜌
𝐵
, 𝜌 + 𝜌
𝐵
]
= dia [−𝜔
𝑥
𝜌 + 𝜌
𝐵
, −𝜔
𝑦
𝜌 − 𝜌
𝐵
, −𝜔
𝑧
𝜌 − 𝜌
𝐵
, 𝜌 + 𝜌
𝐵
]
= dia [− (𝜔 + 𝛿) 𝜌 + 𝜌𝐵, − (𝜔 + 𝛾) 𝜌 − 𝜌𝐵,
− (𝜔 + 𝛾) 𝜌 − 𝜌
𝐵
, (𝜌 + 𝜌
𝐵
)] ,
(5)
where 𝜔
𝑥
= 𝜔 + 𝛿, 𝜔
𝑦
= 𝜔 + 𝛾, and 𝜔
𝑧
= 𝜔 + 𝛾
are the directional EoS parameters on 𝑋-, 𝑌-, and 𝑍-axes,
respectively. 𝜌 is the energy density of the dark energy and
𝜌
𝐵
is the energy density of the magnetic field.
In a comoving coordinate system Einstein’s field (3) with
(4) and (5) for the Bianchi type IX space time metric (2)
subsequently leads to the following system of equations:
2
̈
𝑏
𝑏
+
̇
𝑏
2
𝑏
2
+
1
𝑏
2
−
3
4
𝑎
2
𝑏
4
= −
8𝜋
𝜑
[− (𝜔 + 𝛿) 𝜌 + 𝜌𝐵
] ,
..
𝑎
𝑎
+
..
𝑏
𝑏
+
̇𝑎
𝑎
̇
𝑏
𝑏
+
𝑎
2
4𝑏
4
= −
8𝜋
𝜑
[− (𝜔 + 𝛾) 𝜌 − 𝜌
𝐵
] ,
..
𝑎
𝑎
+
..
𝑏
𝑏
+
̇𝑎
̇
𝑏
𝑎𝑏
+
𝑎
2
4𝑏
4
= −
8𝜋
𝜑
[− (𝜔 + 𝛾) 𝜌 − 𝜌
𝐵
] ,
2 ̇𝑎
̇
𝑏
𝑎𝑏
+
̇
𝑏
2
𝑏
2
−
1
4
𝑎
2
𝑏
4
+
1
𝑏
2
= −
8𝜋
𝜑
[(𝜌 + 𝜌
𝐵
)] ,
−
..
𝜑 −(
̇𝑎
𝑎
+ 2
̇
𝑏
𝑏
) ?̇? =
8
3
𝜋𝜆 (1 − 𝛿 − 2𝛾 − 3𝜔) 𝜌.
(6)
Thus the above system of the equations reduces and takes the
form
2
..
𝑏
𝑏
+
̇
𝑏
2
𝑏
2
+
1
𝑏
2
−
3
4
𝑎
2
𝑏
4
= −
8𝜋
𝜑
[− (𝜔 + 𝛿) 𝜌 + 𝜌𝐵
] , (7)
..
𝑎
𝑎
+
..
𝑏
𝑏
+
̇𝑎
̇
𝑏
𝑎𝑏
+
𝑎
2
4𝑏
4
= −
8𝜋
𝜑
[− (𝜔 + 𝛾) 𝜌 − 𝜌
𝐵
] , (8)
2 ̇𝑎
̇
𝑏
𝑎𝑏
+
̇
𝑏
2
𝑏
2
−
1
4
𝑎
2
𝑏
4
+
1
𝑏
2
= −
8𝜋
𝜑
[(𝜌 + 𝜌
𝐵
)] , (9)
−
..
𝜑 −(
̇𝑎
𝑎
+ 2
̇
𝑏
𝑏
) ?̇? =
8
3
𝜋𝜆 (1 − 𝛿 − 2𝛾 − 3𝜔) 𝜌. (10)
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By the law of conservation we have the Bianchi identity
̇𝜌 + (
̇𝑎
𝑎
+
2
̇
𝑏
𝑏
) (1 + 𝜔) 𝜌 + (
̇𝑎
𝑎
𝛿 +
2
̇
𝑏
𝑏
𝛾)𝜌
+ (𝜌
𝐵
+
̇
4
̇
𝑏
𝑏
𝜌
𝐵
) = 0.
(11)
Here we assume that DE components and magnetic field
interact minimally.
3. Solutions of the Field Equations
The above system of the equations (7) to (11) containing eight
unknown variables 𝑎, 𝑏, 𝜌, 𝜌
𝐵
, 𝜔, 𝛾, 𝛿, and 𝜑 in five linearly
independent equations. The first three variables are Einstein
field equations whereas the fourth and fifth variables are Bar-
ber’s scalar field equation and Bianchi identity, respectively.
In order to solve this undetermined system three additional
constraints are required.
As the DE component and magnetic field interact mini-
mally, the Bianchi identity given by (11) can be split up into
two separately additive conserved components, namely, the
energy momentum tensors for the dark energy and energy
momentum tensor for the magnetic field,
𝐺
𝜐
𝜇;𝜐
= 𝑇
𝜐
𝜇;𝜐
+ 𝑇
(𝛽)𝜐
𝜇;𝜐
= 0. (12)
Thus the conservations of the energy momentum of the
DE are given by
𝑇
𝜐
𝜇;𝜐
= ̇𝜌 + (1 + 𝜔) 𝜌(
̇𝑎
𝑎
+
2
̇
𝑏
𝑏
) + 𝜌(
̇𝑎
𝑎
𝛿 +
2
̇
𝑏
𝑏
𝛾) = 0. (13)
And the conservation of the energy momentum tensor of
the magnetic field is given by
𝑇
(𝐵)𝜐
𝜇;𝜐
= ̇𝜌
𝐵
+
4
̇
𝑏
𝑏
𝜌
𝐵
= 0. (14)
After integration (14)⇒
𝜌
𝐵
=
𝑘
1
𝑏
4
, (15)
where 𝑘
1
is the constant of integration. But conservation
of the energy momentum of the dark energy can also be
decomposed into two parts:
𝑇
𝜐
𝜇;𝜐
= 𝑇
󸀠𝜐
𝜇;𝜐
+ 𝜏
𝜐
𝜇;𝜐
= 0. (16)
The last term in (13) is 𝜏𝜐
𝜇;𝜐
which arises due to deviation
from EoS parameter 𝜔 whereas the first two terms of (13) are
𝑇
󸀠𝜐
𝜇;𝜐
which arise due to no deviation. But according to our
assumption (Akarsu and Kilinc [47]) we have
𝑇
󸀠𝜐
𝜇;𝜐
= ̇𝜌 + (1 + 𝜔) 𝜌(
̇𝑎
𝑎
+
2
̇
𝑏
𝑏
) = 0, (17)
𝜏
𝜐
𝜇;𝜐
= 𝜌(
̇𝑎
𝑎
𝛿 +
2
̇
𝑏
𝑏
𝛾) = 0. (18)
According to (17) and (18) the behavior of the energy
density of the DE component is controlled by the deviation
free part 𝑇󸀠 of the EoS parameter 𝜔 of the DE, but this
deviation does not affect energy density of the DE directly. It
affects EoS parameter 𝜔. The choice of skewness parameters
(𝛿, 𝛾) is arbitrary; it may be constant or itmay be the function
of cosmic time. But since we are interested in physically
variable models of the universe consistent with observations,
the skewness parameters 𝛿 and 𝛾 are assumed to be the
functions of cosmic time. Here the skewness parameters 𝛿
and 𝛾 are assumed to be a special dynamics on 𝑥, 𝑦, and
𝑧 axes consistent with (18). The dynamics of the skewness
parameters 𝛿(𝑡) on the 𝑥-axis is assumed to be (by Akarsu
and Kilinc)
𝛿 (𝑡) = 𝑁
2
3
̇
𝑏
𝑏
(
̇𝑎
𝑎
+
2
̇
𝑏
𝑏
)
1
𝜌
(𝑑𝑒)
. (19)
The dynamics of the skewness parameter 𝛾(𝑡) on 𝑦- and 𝑧-
axes is given by
𝛾 (𝑡) = −𝑁
1
3
̇𝑎
𝑎
(
̇𝑎
𝑎
+
2
̇
𝑏
𝑏
)
1
𝜌
(𝑑𝑒)
. (20)
As per our assumption (Berman [48]), the variations of
mean generalized Hubble’s parameter for the Bianchi type IX
metric may be given by
𝐻 = 𝑙(𝑎𝑏
2
)
−𝑛/3
, (21)
where 𝑙 > 0 and 𝑛 ≥ 0 are constants. The spatial volume 𝑉 is
given by
𝑉 = 𝑅
3
= 𝑎𝑏
2
, (22)
where 𝑅 is average mean scalar factor. The mean generalized
Hubble parameter 𝐻 for the Bianchi type IX metric may be
given by
𝐻 =
?̇?
𝑅
=
1
3
?̇?
𝑉
=
1
3
(𝐻
1
+ 𝐻
2
+ 𝐻
3
)
=
1
3
(
̇𝑎
𝑎
+
̇
𝑏
𝑏
+
̇
𝑏
𝑏
) =
1
3
(
̇𝑎
𝑎
+
2
̇
𝑏
𝑏
) ,
(23)
where𝐻
1
and𝐻
2
= 𝐻
3
are the directionalHubble parameters
along 𝑥- and 𝑦 = 𝑧-axes, respectively. They are defined by
𝐻
1
= 𝐻
𝑥
=
̇𝑎
𝑎
, 𝐻
2
= 𝐻
𝑦
=
̇
𝑏
𝑏
, (𝐻
𝑦
= 𝐻
𝑧
) . (24)
On integration, equating (21) and (23) yields
𝑅 = (𝑛𝑙𝑡 + 𝑐
1
)
1/𝑛
, 𝑛 ̸= 0, (25)
𝑅 = 𝑐
2
𝑒
𝑙𝑡
, 𝑛 = 0. (26)
Thus (21) gives two cosmological models of the universe
depending on the values of 𝑛. When 𝑛 ̸= 0, we are
getting power expansion model and when 𝑛 = 0 we are
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getting exponential expansion model. Further in view of the
anisotropy of the space time in order to obtain determinate
solution we have to assume two more constraints as
𝑎 = 𝑅
𝑚
, (27)
where 𝑚 is constant and the power law relation between
average scale factor𝑅 and the scalar field𝜑 (Johri andDesikan
[49]) yields
𝜑 ∝ 𝑅
𝐿
󳨐⇒ 𝜑 = 𝑐𝑅
𝐿
, (28)
where 𝐿 is any integer and 𝑐 is the constant of proportionality.
3.1. Power ExpansionModelWhen 𝑛 ̸= 0. Average scale factor
for this model by (25) is
𝑅 = (𝑛𝑙𝑡 + 𝑐
1
)
1/𝑛
. (29)
Hence the scalar field 𝜑 from (25) and (28) is
𝜑 = 𝑐(𝑛𝑙𝑡 + 𝑐
1
)
𝐿/𝑛
. (30)
Equations (25) and (27) give
𝑎 = (𝑛𝑙𝑡 + 𝑐
1
)
𝑚/𝑛
. (31)
From (22), (25), and (31) we have
𝑏 = (𝑛𝑙𝑡 + 𝑐
1
)
(3−𝑚)/2𝑛
. (32)
Equations (22) and (25) give the spatial volume as
𝑉 = (𝑛𝑙𝑡 + 𝑐
1
)
3/𝑛
. (33)
The directional Hubble parameters defined by (24) take the
form
𝐻
1
=
𝑙
(𝑛𝑙𝑡 + 𝑐
1
)
,
𝐻
2
= 𝐻
3
=
(3 − 𝑚) 𝑙
2 (𝑛𝑙𝑡 + 𝑐
1
)
.
(34)
Hence the mean generalized Hubble parameter defined in
(23) takes the form
𝐻 =
𝑙
(𝑛𝑙𝑡 + 𝑐
1
)
. (35)
The expansion scalar 𝜃, mean anisotropy parameter 𝐴
𝑚
, and
shear scalar 𝜎 are, respectively, given by
𝜃 =
3𝑙
(𝑛𝑙𝑡 + 𝑐
1
)
, (36)
𝐴
𝑚
=
(𝑚
2
− 2𝑚 + 1)
2
,
(37)
𝜎
2
=
9𝑙
2
2(𝑛𝑙𝑡 + 𝑐
1
)
2
. (38)
Using (31) and (32) Bianchi type IX cosmologicalmodel in (2)
in Barber’s second self-creation theory takes the form
𝑑𝑠
2
= −𝑑𝑡
2
+ (𝑛𝑙𝑡 + 𝑐
1
)
2𝑚/𝑛
𝑑𝑥
2
+ (𝑛𝑙𝑡 + 𝑐
1
)
(3−𝑚)/𝑛
𝑑𝑦
2
+ [(𝑛𝑙𝑡 + 𝑐
1
)
(3−𝑚)/𝑛sin2𝑦 + (𝑛𝑙𝑡 + 𝑐
1
)
2𝑚/𝑛cos2𝑦] 𝑑𝑧2
− 2(𝑛𝑙𝑡 + 𝑐
1
)
2𝑚/𝑛 cos𝑦𝑑𝑥𝑑𝑧.
(39)
Equations (15) and (31) give the energy density of magnetic
field as
𝜌
𝐵
=
𝑘
1
(𝑛𝑙𝑡 + 𝑐
1
)
2(3−𝑚)/𝑛
. (40)
Using (9) with (30), (31), (32), and (40) energy density of the
DE is
𝜌 =
−𝑘
1
(𝑛𝑙𝑡 + 𝑐
1
)
2(3−𝑚)/𝑛
−
𝑐
8𝜋
{
3 (𝑚 + 1) (3 − 𝑚) 𝑙
2
4(𝑛𝑙𝑡 + 𝑐
1
)
(2𝑛−𝐿)/𝑛
−
1
4(𝑛𝑙𝑡 + 𝑐
1
)
(2(3−𝑚)−𝐿)/𝑛
+
1
(𝑛𝑙𝑡 + 𝑐
1
)
(3−𝑚−𝐿)/𝑛
} .
(41)
Using (19) with (31), (32), and (41) skewness parameter 𝛿(𝑡)
takes the form
𝛿 (𝑡) = (
32𝜋𝑁 (3 − 𝑚) 𝑙
2
(𝑛𝑙𝑡 + 𝑐
1
)
𝐿/𝑛
)
× [−32𝜋𝑘
1
(𝑛𝑙𝑡 + 𝑐
1
)
(2(𝑚+𝑛−3)−𝐿)/𝑛
− (9 + 6𝑚 − 3𝑚
2
) 𝑐𝑙
2
+ 𝑐(𝑛𝑙𝑡 + 𝑐
1
)
2(2𝑚+𝑛−3)/𝑛
− 4𝑐(𝑛𝑙𝑡 + 𝑐
1
)
[2𝑛−(3−𝑚−2𝐿)]/𝑛
]
−1
.
(42)
Using (20) with (31), (32), and (41) the skewness parameter
𝛾(𝑡) takes the form
𝛾 (𝑡) = (
−32𝜋𝑁𝑚𝑙
2
(𝑛𝑙𝑡 + 𝑐
1
)
𝐿/𝑛
)
× [−32𝜋𝑘
1
(𝑛𝑙𝑡 + 𝑐
1
)
(2(𝑚+𝑛−3)−𝐿)/𝑛
− (9 + 6𝑚 − 3𝑚
2
) 𝑐𝑙
2
+ 𝑐(𝑛𝑙𝑡 + 𝑐
1
)
2(2𝑚+𝑛−3)/𝑛
− 4𝑐(𝑛𝑙𝑡 + 𝑐
1
)
[2𝑛−(3−𝑚−2𝐿)]/𝑛
]
−1
.
(43)
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Using (17) with (31), (32), and (41) the EoS parameter of the
model is
𝜔 (𝑡) = (2𝑚 − 3) 𝑘1
𝑙(𝑛𝑙𝑡 + 𝑐
1
)
(2𝑚−𝑛−6)/𝑛
+
𝑐
8𝜋
[
𝑙
3
(𝑚 + 1) (3 − 𝑚) (9 + 3𝐿 − 6𝑛)
4
× (𝑛𝑙𝑡 + 𝑐
1
)
(𝐿−3𝑛)/𝑛
]
+
𝑐
8𝜋
[−
(𝐿 + 2𝑚 − 3) 𝑙
4
(𝑛𝑙𝑡 + 𝑐
1
)
(2𝑚+𝐿−𝑛−6)/𝑛
+ (𝐿 + 𝑚) 𝑙(𝑛𝑙𝑡 + 𝑐1
)
(𝐿+𝑚−3−𝑛)
] .
(44)
3.1.1. Physical Behavior of the Model When 𝑛 ̸= 0. In this
model the direction the directional Hubble parameter, mean
generalized Hubble parameters, expansion scalar, Barber’s
scalar field, and shear scalar all are the functions of the cosmic
time except themean anisotropy parameter𝐴
𝑚
. It is constant
throughout the universe. All the above parameters vanish
when cosmic time is infinite, whereas these parameters
are finite when time is zero except the directional Hubble
parameter𝐻
2
. It follows the above property provided𝑚 ̸= 3.
The spatial volume of this model is also a function of cosmic
time and it increases with increase in time.That is, the model
is expanding with time. The energy density of the model is
constant when cosmic time zero 𝑚 ̸= 3 but when 𝑚 = 3
the energy density of the magnetic field is 𝑘
1
and it vanishes
when 𝑡 is infinite. The energy density of the DE is constant
when cosmic time is zero and it tends to zero when cosmic
time tends to infinite when𝑚 ̸= 3 but when𝑚 = 3 (𝐿, 𝑛 > 0)
the energy density of the DE is −𝑘
1
+ (3𝑐/32𝜋)(𝑛𝑙𝑡 + 𝑐
1
)
𝐿/𝑛.
Thus in this case the energy density of DE increases with
increase in cosmic time and when 𝑡 = 0 energy density of
DE is −𝑘
1
+ (3𝑐/32𝜋)𝑐
𝐿/𝑛
1
= constant. Similarly the skewness
parameters 𝛿(𝑡), 𝛾(𝑡) as well as EoS parameter 𝜔(𝑡) are the
functions of cosmic time 𝑡. Also lim
𝑡→∞
(𝜎/𝜃)
2
̸= 0. Hence
this model does not approach the isotropy.
We now extend our work to investigate the consistency of
model (39) with the observational parameters from the point
of astrophysical phenomena.
(1) Look-Back Time Redshift.The look-back time 𝑡
𝐿
is defined
as the difference between the present age of the universe 𝑡
0
and the age of the universe 𝑡 when a particular light ray at
redshift 𝑧 was emitted.
The average scale factor of the universe 𝑅 for a given
redshift 𝑧 is related to the present scale factor 𝑅
0
by the
relation 1 + 𝑧 = 𝑅
0
/𝑅.
Equations (25) and (35) give
𝐻
0
(𝑡
0
− 𝑡) =
1
𝑛
[1 − (1 + 𝑧)
−𝑛
] . (45)
After little manipulation we get
𝐻
0
(𝑡
0
− 𝑡) = 𝑧 −
(𝑛 − 1)
2
𝑧
2
+ ⋅ ⋅ ⋅ . (46)
Taking limit 𝑧 → ∞ in (45) the present age of the universe
is
𝐻
0
(𝑡
0
− 𝑡) =
1
𝑛
[1 − 0] 󳨐⇒ 𝑡0
=
1
𝑛𝐻
0
=
𝐻
−1
0
𝑛
, 𝑛 ̸= 0,
(47)
where𝐻
0
is the present value of the Hubble parameter.
(2) Luminosity Distance Redshift.The luminosity distance 𝑑
𝐿
of a light source is defined as
𝑑
𝐿
= 𝑅
0
𝑟
1 (
𝑧) (1 + 𝑧) , (48)
where the radial coordinate distance 𝑟
1
(𝑧) of the object at light
emission is
𝑟
1 (
𝑧) = ∫
𝑡0
𝑡1
𝑑𝑡
𝑅
=
𝐻
−1
0
𝑅
−1
0
(𝑛 − 1)
[1 − (1 + 𝑧)
1−𝑛
] . (49)
Solving (48) and (49) we get
𝐻
0
𝑑
𝐿
=
(1 + 𝑧)
(𝑛 − 1)
[1 − (1 + 𝑧)
(1−𝑛)
] . (50)
3.2. Exponential ExpansionModelWhen 𝑛 = 0. Average scale
factor for this model by (26) is
𝑅 = 𝑐
2
𝑒
𝑙𝑡
. (51)
Thus from (26) and (28) we have the scalar field as
𝜑 = 𝑐𝑐
𝐿
2
𝑒
(𝐿𝑙𝑡)
. (52)
Equations (26) and (27)⇒
𝑎 = 𝑐
𝑚
2
𝑒
(𝑚𝑙𝑡)
. (53)
Similarly (22), (26), and (53)⇒
𝑏 = 𝑐
(3−𝑚)/2
2
𝑒
((3−𝑚)/2)𝑙𝑡
, 𝑚 ̸= 3. (54)
From (22) and (26) the spatial volume of this model is
𝑉 = 𝑐
3
2
𝑒
(3𝑙𝑡)
. (55)
The directional Hubble parameters𝐻
1
, 𝐻
2
= 𝐻
3
are given by
𝐻
1
= 𝑚𝑙, (56)
𝐻
2
= 𝐻
3
=
(3 − 𝑚) 𝑙
2
. (57)
Thus the mean generalized parameters defined in (23) take
the form
𝐻 = 𝑙 = constant. (58)
In this case, expansion scalar 𝜃, mean anisotropy parameter
𝐴
𝑚
, and shear scalar are, respectively, given by
𝜃 = 3𝑙,
𝐴
𝑚
=
1
2
(𝑚
2
− 2𝑚 + 1) ,
𝜎
2
=
9𝑙
2
2
.
(59)
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Using (53) and (54) Bianchi type IX cosmological model in
(2) in Barber’s second self-creation theory takes the form
𝑑𝑠
2
= −𝑑𝑡
2
+ 𝑐
2𝑚
2
𝑒
(2𝑚𝑙𝑡)
𝑑𝑥
2
+ 𝑐
(3−𝑚)
2
𝑒
(3−𝑚)𝑙𝑡
𝑑𝑦
2
+ [𝑐
(3−𝑚)
2
𝑒
(3−𝑚)𝑙𝑡sin2𝑦 + 𝑐2𝑚
2
𝑒
(2𝑚𝑙𝑡)cos2𝑦] 𝑑𝑧2
− 2𝑐
2𝑚
2
𝑒
(2𝑚𝑙𝑡) cos𝑦𝑑𝑥𝑑𝑧.
(60)
In this case (15) and (54) give the energy density of the
magnetic field
𝜌
𝐵
=
𝑘
1
𝑐
2(3−𝑚)
2
𝑒
2(3−𝑚)𝑙𝑡
. (61)
Using (9) with (52), (53), (54), and (61) gives the energy
density of the DE
𝜌 = −
𝑘
1
𝑐
2(3−𝑚)
2
𝑒
−2(3−𝑚)𝑙𝑡
−
𝑐𝑐
𝐿
2
8𝜋
{
(9 + 6𝑚 − 3𝑚)
2
𝑙
2
𝑒
(𝐿𝑙𝑡)
4
−
𝑐
(4𝑚−6)
2
4
𝑒
(4𝑚+𝐿−6)𝑙𝑡
+ 𝑐
(𝑚−3)
2
𝑒
(𝐿+𝑚−3)𝑙𝑡
} .
(62)
Equation (19) with (53), (54), and (62) gives the skewness
parameter 𝛿(𝑡) as
𝛿 (𝑡) = (32𝜋𝑁 (3 − 𝑚) 𝑙
2
)
× (−32𝜋𝑘
1
[𝑐
2
𝑒
−𝑙𝑡
]
2(3−𝑚)
− (9 + 6𝑚 − 3𝑚
2
) 𝑐𝑐
𝐿
2
𝑙
2
𝑒
(𝐿𝑙𝑡)
+ 𝑐[𝑐
2
𝑒
𝑙𝑡
]
(4𝑚+𝐿−6)
− 4𝐶[𝑐
2
𝑒
𝑙𝑡
]
(𝐿+𝑚−3)
)
−1
(63)
and similarly (20) with (53), (54), and (62) gives the skewness
parameter 𝛾(𝑡)
𝛾 (𝑡) = (−32𝜋𝑁𝑚𝑙
2
)
× {−32𝜋𝑘
1
[𝑐
2
𝑒
𝑙𝑡
]
2(𝑚−3)
− (9 + 6𝑚 − 3𝑚
2
) 𝑐𝑐
𝐿
2
𝑙
2
𝑒
(𝐿𝑙𝑡)
+𝑐[𝑐
2
𝑒
𝑙𝑡
]
(4𝑚+𝐿−6)
− 4𝑐[𝑐
2
𝑒
𝑙𝑡
]
(𝑚+𝐿−3)
}
−1
.
(64)
Equation (17) with (53), (54), and (62) gives the EoS parame-
ter 𝜔(𝑡) as
𝜔 (𝑡) = (2𝑚 − 3) 𝑘1
𝑙[𝑐
2
𝑒
𝑙𝑡
]
2(𝑚−3)
+
𝑐𝑐
𝐿
2
8𝜋
[
(3 + 𝐿) 𝑙
3
(9 + 6𝑚 − 3𝑚
2
) 𝑒
(𝐿𝑙𝑡)
4
−
(4𝑚 + 𝐿 − 3) 𝑙𝑐
2(2𝑚−3)
2
𝑒
(4𝑚+𝐿−6)𝑙𝑡
4
+ (𝐿 + 𝑚) 𝑙𝑐
(𝑚−3)
2
𝑒
(𝐿+𝑚−3)𝑙𝑡
] .
(65)
3.2.1. The Physical Behavior of the Model When 𝑛=0. For this
model average scale factor 𝑅 = 𝑐
2
𝑒
𝑙𝑡 and the scalar field
𝜑 = 𝑐𝑐
𝐿
2
𝑒
𝐿𝑙𝑡. This model is nonsingular since the exponential
function never vanishes. Thus this model does not have any
physical singularity. For this model the directional Hubble
parameters as well as mean generalized Hubble parameter𝐻
are constant throughout the evolution of the universe. Hence,
𝑑𝐻/𝑑𝑡 = 0. This implies that the greater the value of Hubble
parameter, the faster the rate of expansion of the universe.
Hence, this model may represent inflationary era in the early
stages of the universe and the very late time of the universe.
The spatial volume of the universe is finite when cosmic time
is zero and expands exponentially as 𝑡 increases and becomes
infinite when 𝑡 = ∞ which indicates that universe starts
its expansion with zero volume from finite past. In this case
the expansion scalar 𝜃 and the mean anisotropy parameter
𝐴
𝑚
are constants throughout the evolution of the universe
but mean anisotropy parameter is exactly the same as the
previousmodel.The energy density of themagnetic field is 𝜌
𝐵
= 𝑘
1
/𝑐
2(3−𝑚)
2
= constant when time 𝑡 = 0 and𝑚 ̸= 3 but when
𝑚 = 3 it is equal to constant 𝑘
1
. The density of the magnetic
field vanisheswhen the cosmic time is infinite. Energy density
of theDE is some finite number when cosmic time is zero and
it increases with increase in time and it becomes infinite when
time is infinite. The skewness parameters 𝛿(𝑡), 𝛾(𝑡) as well as
EoS parameters 𝜔(𝑡) are the functions of cosmic time 𝑡. In
this model also lim
𝑡→∞
(𝜎/𝜃)
2
̸= 0. Hence this model does
not approach the isotropy.
In this case also we extend our work to investigate the
consistency of model (57) with the observational parameters
from the point of astrophysical phenomena.
(1) Look-Back Time Redshift. From (26) and (53) we have
𝐻(𝑡
0
− 𝑡) = log (1 + 𝑧) . (66)
Thus for small 𝑧 we have
𝐻
0
(𝑡
0
− 𝑡) = log (1 + 𝑧) = [𝑧 − 𝑧
2
2
+ ⋅ ⋅ ⋅ ] ,
where 𝑡 = 𝑡
0
−
log (1 + 𝑧)
𝐻
.
(67)
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(2) Luminosity Distance Redshift. The luminosity distance of
light source is given by
𝐻
0
𝑑
𝐿
= 𝑧 (1 + 𝑧) 󳨐⇒ 𝑑𝐿
=
𝑧 (1 + 𝑧)
𝐻
. (68)
The above equation shows that the luminosity distance
increases faster with the redshift when 𝑛 = 0.
4. Conclusion
In the present paper, we have discussed magnetized Bianchi
type IX cosmological model in Barber’s second self-creation
theory. We have studied the minimal interaction between
magnetic field and DE which will help us in detecting DE.
We have obtained the exact solution of the Bianchi type IX
cosmological model. It is observed that in both models EoS
parameter is a function of cosmic time which supported
the recent observations. The interesting and remarkable
observation of the present paper is that the mean anisotropy
parameter 𝐴
𝑚
for both models is the same and is constant.
Also lim
𝑡→∞
(𝜎/𝜃)
2
̸= 0 for bothmodels. Hence bothmodels
do not approach the isotropy.
We have also studied the two astrophysical phenomena
such as look-back time redshift and luminosity distance
redshift for both models and observed that such models are
compatible with recent observations because from the point
of recent astronomical measurements obtained by Pawar
et al. [15, 16], Riess et al. [17, 18], and Permutter et al.
[19] the SN (supernovae) Hubble diagram derived from the
observations of hundreds of SNe detected over the border
range of redshifts has amply demonstrated that the universe
is expanding with acceleration. Further confirmation for the
accelerating universe came from the recent observations of Ia
type of SNe studied by Pawar et al. [16], Tonry et al. [50], and
Clocchiatti et al. [51]. Within the general relativity, in order
to explain the accelerated expansion of the universe, a nearly
smooth formof energy of large negative pressure is inevitable.
Confirmation by Bennett et al. [52] regarding the filling-in of
the universe by a dominated component of energy with large
negative pressure, dubbed as dark energy, was provided by
the measurements of cosmic microwave background (CMB)
and large scale structure (LSS) studied by Tegmark et al. [53].
This formof energy is believed to account for about 75%of the
universe.The current observational data obtained by Frieman
et al. [54] provide strong evidence regarding the existence of
dark energy and further demonstrate that the fractional of
critical that is being contributed by the dark energy may go
as high as 0.76\pm0.02.
Our present model is noninteracting Bianchi type IX
cosmological model which cannot resolve the coincidence
problem since it predicts inclusive system in which magnetic
energy density decreases faster (which is inversely propor-
tional to scale factor), while density of the dark energy either
remains constant or increases.The interactingmodels play an
important role in the study of coincidence problem [55, 56].
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